Suppuration of the labyrinth is a subject which has attracted more and more attention on the part of the otologist during the past decade. Owing to the fact that the labyrinthine fluid is separated from the tympanum only by the foot-plate of the stapes and by the comparatively thin membrane of the round window, it seems rather surprising that invasion of the labyrinth is not more frequently reported as a sequel of chronic middle-ear suppuration. Unquestionably, the labyrinth is more frequently involved in a suppurative process than the records of most otologists show. Our attention has been drawn to this complication of purulent otitis media chiefly in connection with fatal cases, and from the fact that in quite a large proportion of fatal cases-i-especially in those instances where death has fol-lowed as the result of cerebellar abscess-the path of invasion has been traced directly from the middle ear, through the labyrinth, through the internal auditory meatus, to the cerebellum.
. Quite frequently, a suppurative inflammation of the labyrinth is found at the time of operation, although, from the clinical history, the condition could not have been diagnosticated prior to the operation. In other instances, however, there is a distinct history, which should lead the operator to suspect labyrinthine involvement.
In the cases about to be reported, such a clinical history was given in one case. In two others, the labyrinthine involvement was found at the time of operation, there being no suspicion on the part of the operator, at the time surgical interference was advised, that such a condition existed.
The first case was that of a young man of 31 who presented himself at the New York Eye and Ear Infirmary, with a history of chronic suppurative otitis media, which had lasted fora period of years. Within the two weeks before the patient came under observation, he had suffered from severe vertigo and headache. The vertiginous symptoms had been steadily increasing. The case was reported to me simply on account of the chronic suppuration, and the consequent indication for relief by a radical operation. After obtaining the history, I expressed the opinion that we should very -Iikely find suppuration of the labyrinth. The radical operation was performed in the usual way. When the horizontal semicircular canal was exposed, a carious area was found which involved the entire thickness of the canal wall. Curettage easily opened the lumen of the canal. This opening was enlarged until the lumen of the bony canal could be distinctly seen. The carious canal wall was cautiously removed forward to a point just above the oval window. The crura of the stapes were carious. The stapes was removed, and the entrance to the oval window was enlarged. In this way, free drainage of the vestibule was obtained. A narrow strip of iodoform gauze was inserted into the oval window, and was also made to cover the opening in the horizontal semicircular canal. The entire radical cavity was then packed with iodoform gauze, and the wound sutured. An uninterrupted recovery took place in this case, and the vertigo entirely disappeared after the operation. In this instance, invasion of the labyrinth undoubtedly took place through the horizontal semicircular canal. The involvement was so extensive, that it seemed wise to the operator not to rely upon drainage of the carious area alone, but to secure complete drainage of the labyrinth by removal of the stapes, thus securing drainage of the vestibule. The complete recovery of the patient' seemed to justify the operative procedure. Two months after the operation, the acoumeter was heard at 6 inches, in the affected ear, and the forced whisper at 18 inches. There was still a slight odorless discharge from the canal.
The second case was that of a boy, aged 14, who had been suffering from a chronic suppurative otitis media, involving the right ear, for a number of years. There had been no symptoms indicative of labyrinthine involvement. On performing the ordinary radical operation, an eroded area was found, leading into the horizontal semicircular canal. The outer wall of the bony canal was removed for a considerable distance, until the probe could be passed downward, forward and inward into the vestibule. A narrow strip of gauze was carried into the opening into the semicircular canal, the radical cavity packed with iodoform gauze, and the ordinary dressing applied. This patient made an absolutely perfect recovery. An examination of the case six weeks after the operation, showed the ear practically dry, there being but a slight serous discharge. The hearing upon the right side, for the acoumeter, was 1 foot, the forced whisper, 3 feet. It should be stated in this connection, that this boy was suffering from a double suppurative otitis media, and that the radical operation was also subsequently performed upon the left side; there was no labyrinthine involvement upon this side. Upon the left side, the acoumeter was heard at 6 feet, and the forced whisper at 9 feet. The tests of hearing made prior to operation were somewhat unsatisfactory, bitt in this particular case, seemed to indicate that the patient's hearing was considerably impaired, as the result of operation, particulap[y upon the right side, that is, the side upon which there was labyrinthine involvement.
Two other similar cases, occurring in children-one in an infant only a few months old-have also been operated upon within the past year, by the same method, and in each instance, recovery has been perfect. In the case of the young infant, ten weks of age, an erosion of the horizontal semicircular canal was found complicating an acute otitis. Here, the radical operation was not performed. A simple mastoid operation was done, and the eroded area on the outer wall of the external semicircular canal was curetted, opening the lumen of the canal. The wound was dressed in the usual way, care being taken to shut off the lumen of the canal from the remainder of the wound, by a strip of iodoform gauze packing. Complete recovery took place in this case. I cite this case simply to show at how early ail age we may have erosion of the labyrinthine wall.
In the third case, that of a girl, aged 12, suffering from chronic middle-ear suppuration, with no symptoms of labyrinthine involvement, the radical operation was performed simply for the relief of the suppuration. Toward the end of the operation, the region of the oval window was found to be filled by granulation tissue. An attempt was made to remove this, and although the curette was used with the utmost gentleness, the stapes was extracted. The stapes apparently lay loose in the oval window and the foot-plate was considerably atrophied. The probe could be passed directly into the labyrinth. A strip of gauze was packed into the pelvis ovalis, and the radical cavity dressed in the usual manner. This patient had rather persistent nausea for forty-eight hours after the operation, but ultimately made a complete recovery. One month after the operation there was only a very slight amount of discharge from the ear, and the acoumeter was heard at 3 feet on the affected side, the forced whisper at 3 feet.
These cases are reported to show the frequency with which the labyrinth may be involved. The three cases specifically cited occurred during my last twenty-eight radical operations. From the history of these, we find that there are two avenues by which the labyrinth may be invaded: The first and most common, through the bony wall of the horizontal semicircular canal, and second, directly through the oval window. It is a question in my own mind as to whether, in many of the cases where we have suppuration after a complete radical operation, we have not to do with a suppuration of the labyrinth. All who have performed many radical" operations, must have been impressed with the fact of how frequently we find granulation tissue in the pelvis ovalis. Many of us rather hesitate to interfere with granulation tissue in this neighborhood, for fear of extracting the stapes. I am inclined to believe that we have been rather too conservative in this direction. Granulation tissue about the stapes should be treated the same as granula-tion tissue in any other part of the tympanic cavity, and if it is necessary to remove the stapes in order to free this portion of the tympanum from granulation tissue, the stapes should be removed. Naturally, if there is no evidence of suppuration of the labyrinth after removal of the stapes, the oval window should not be enlarged, and the operator should content himself by simply shutting off the pelvis ovalis by means of a gauze drain, to prevent involvement of the labyrinth through the middle ear. If, however, pus is seen to flow from the oval window, the oval window should be enlarged forward and downward, so as to completely drain the vestibule. In those cases where the horizontal semicircular canal is the site of the invasion, the procedure will depend upon the extent of the labyrinthine involvement. If no pus flows from the semicircular canal, after the opening is enlarged, and if no granulations are present about the oval window, the operator may content himself simply by draining the labyrinth through the horizontal semicircular canal, and from the cases which have come under my observation, I can say that he will feel fairly certain of eradicating the labyrinthine involvement by this method. If,. however, there seems to be extensive involvement of the labyrinth, the opening of the semicircular canal alone, will not suffice. After the canal has been thoroughly drained, the stapes should be extracted, provided its foot-plate is in position, and the oval window should be enlarged downward and forward, so as to freely drain the vestibule.
The cases reported are also interesting as showing the effect of interference with the labyrinth, on the power of audition. In all of the cases the hearing was made considerably worse, as one would naturally expect. For this reason, therefore, the surgeon should avoid opening the bony labyrinth, unless he is absolutely certain that disease exists in this region; in other words, it should not be opened either through carelessness or for purely experimental purposes, as drainage, even of the semicircular canal will probably cause some impairment in the hearing, .owing to the change which it causes in labyrinthine pressure. At least, this seems to have been the result in my own cases.
Regarding the advisability of extracting the stapes, I naturally believe that the stapes should be left in situ, in performing the radical operation, unless the pelvis ovalis is so filled with granulation tissue that it is impossible to clear this away with-out removal of the ossicle. In cases where the ossicle comes away during cautious curettement of the oval nitch, we will always find, probably, that the stapes is diseased. The cautious extraction of a healthy stapes should cause practically no interference with audition, as has been proven in many cases where the stapes has been removed either intentionally or accidentally during an ossiculectomy. If granulations are found in the oval window, and upon curettement the stapes comes away, the operator should pass a delicate probe into the pelvis ovalis, to determine whether the oval window still remains closed by fibrous tissue, or whether the probe can be introduced directly into the vestibule. Naturally, the utmost gentleness must be used in conducting this manipulation, as otherwise, the membrane of the oval window might be ruptured, and infection of the labyrinth take place at the hands of the operator. If the vestibular membrane is found to be ruptured, I do not think it wise to enlarge the oval window, unless pus can be actually seen coming from the labyrinth. If the removal of the stapes shows a suppuration of the labyrinth, that is, if pus flows from the oval window after the stapes has been removed, enough of the external labyrinthine wall should be removed to afford free drainage. This is best done by the cautious use of a slender gouge and small curette, enlarging the oval window downward and forward, In other words, removing the promontory and destroying the first turn of the cochlea.
Still freer drainage can be obtained in these cases by removing the external wall of the horizontal semicircular canal as well, and this, I believe, should be done in cases where the labyrinthine involvement is extensive.
When the external semicircular canal and the vestibule are both open, the operator must remember that it will be impossible to break down the bony wall completely between these openings without destroying the facial nerve where it runs above the oval window. There is no necessity, however, for breaking down this small bony wall. The wall of the external canal can be removed cautiously as fat; as the aqueductus Fallopii, the thin bridge of bone, lying just above the oval window, and containing the facial nerve, being allowed to remain. The presence of this ridge does not in the least interfere with drainage.
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DISCUSSION.
DR. EAGLETON: Dr. Dench spoke of two of his three cases as being cases in which there was no suspicion of the labyrinth being involved. During the last two years we have had at the Eye and Ear Infirmary seven cases of labyrinthine suppuration. About a year ago I had an occasion to read an article by Stearn of St. Petersburg, before the Congress of Bordeaux, in which he calls attention to the disturbance of the equilibrium in labyrinthine suppuration. H~speaks of the indifference of patients suffering with labyrinthine suppuration and the varying delicate movements in coordination, but he chiefly calls attention to the fact that those patients are not able to execute the hopping movement. He has his patient bring his feet together and hop with both feet together. In some cases the patient is absolutely unable to hop; while in all cases, as I judge from the article, if their eyes are closed, they hop one or two steps, and some fall. The majority don't hop with that degree of certainty that a normal person does. Since reading this article we have been able to diagnosticate three cases of labyrinthine suppuration that had no other symptoms. They were unable to execute the delicate movements of coordination that Stearn calls attention to. In my practice, in every case of chronic otorrhea, the patient .goes through those movements as a part of the examination.
DR. JOHN D. RICHARDS: During the past few years I have had nine cases of labyrinthine invasion, five of actual suppuration and four in which there was a necrosis of various parts of the labyrinth. The usual place of infection, in these cases, has been through the horizonal semicircular canal, and in one in-.stance there was an extension through the first coil of the cochlea; in another instance through the oval window, and another Instance there was perforation through the capsule leading down into the vestibule, the perforation being immediately above the semicircular canal. All these cases were operated upon and in a large portion of them they showed no symptoms whatever, that is, there were no symptoms calling special attention to labyrinthine invasion, but simply that they were victims of chronic suppuraive otitis. In one of the cases in which the arches of the semicircular canals, the cochlea and the vestibule were removed and only the ampullary areas of the canals were left, the patient heard all of the Hartmann set forks and the thirty-five thousand Koenig's rod. There is, as a rule, in the case!' where the labyrinth is involved, a tendency to fall towards the opposite side from that involved. In regard to the statement made by Dr. Dench as to the removal of bone extending from the oval window downward and forward, I don't think, in those cases, that we can confine our operative procedure to such definite limits. When the vestibule was invaded, the cases which I have seen have had the cochlea invaded also. The hopping which Dr. Eagleton speaks of I have tried in several cases in which the internal ear has been involved. The patient hops and upon lighting then falls to the side opposite to the side of involvement. In one instance I had an acute suppuration of the labyrinth which followed an acute mastoiditis. An operation was performed, and there was found a perforation through the inner wall of the vestibule, around the origin of the internal auditory meatus. An epidural cerebellar abscess was present and the disease had invaded the petrous portion of the temporal bone requiring an exenteration of the petrous, In regard to avoiding injury to the facial nerve, which is a question we have got to consider in cases in which the internal ear is involved, I would say that the facial nerve is secondary in importance, but we can, as a rule, avoid injury to it by preserving a gutter of bone or arch for the nerve to run in, extending from the internal auditory meatus down to the lower portion of the facial ridge. In one of these operations a little incident occurred which shows how unexpected difficulties may arise. In removing the external wall of the Fallopian canal a little annulus or ring of bone separated by cleavage and encompassed the nerve. It was very difficult to get hold of and to separate from the nerve without injury to that structure and it makes an exceedingly annoying complication: Paralysis of the facial nerve always occurs when that nerve is exposed throughout its circumference. If the nerve is not injured, that is, not cut across, we will, as a rule, get almost complete recovery in about four months. Every case that I have operated upon, in which the entire labyrinth has been removed, has shown facial paralysis and everyone of them has recovered to a great extent the function of the nerve at the expiration of from four to five months. In no instance was the nerve injured. except through its exposure.
DR. WENDELL PHILLIPS: So far as I can recall the cases that I have observed, where I have been positive that there was suppuration of the labyrinth present even to a small degree, I have been able to get a history of vertigo. I would like to ask Dr. Dench, or anyone else, if he ever failed to get that sign. It has always been present. Sometimes the patient might not mention it, but by going carefully into the case I have been able to get that symptom. I have never tried the experiment Dr. Eagleton has mentioned, but I am inclined to think that you may try that experiment on a great many comparatively well people and you would find that they could not make over three hops without falling down. I imagine if Dr. Eagleton would try that himself he would pretty nearly get that result.
DR. EAGLETON: In regard to Dr. Phillips' remark I will say that I have had many hundreds of people hop during my connection with the Newark Eye and Ear Infirmary. In cases of chronic suppuration the hopping is part of the routine. The last case that I had will illustrate. When I saw the man I said, "This man has labyrinthine suppuration, I am very sure." Twice previous I had felt moderately sure. The last time I felt positive. It was as the result of observing previous cases. What Dr. Phillips says is true concerning one or two hops with the feet together, I think, when there is a game leg, that they feel a little wobbly. A normal man hops with a degree of assurance. The first time he may fall down but after he has done it once Or twice he begins to hop with a degree of assurance, while one suffering with labyrinthine suppuration never has that nor can he acquire it. It is a diagnostic point that in my personal experience is attended with the greatest of value in looking for the inability to execute certain coordinate movements.
DR. RICHARDS: In cases which have come on with fair rapidity, vertigo, in my experience, has been present. Cases that have come on gradually are evidenced by the fact of chronic suppuration in the labyrinth, but the invasion has been so insidious that absolutely no symptoms whatever could beobserved except that in some instances there has been slight nystagmus, and in one instance in which the entire labyrinth was obluted, the patient was some weeks later sitting in a room where a piano was being played. He said it caused such dizziness that he fell over, and for some weeks he could not hear music without having vertigo. DR. DENCH: In reference to Dr. Phillips' remarks, in certainly one-third of the cases there has been no vertigo at all. The experiment of which Dr. Eagleton speaks, I have never tried.
With reference to what Dr. Richards says concerning the facial nerve, in cases where there is very extensive involvement, of leaving a small ridge of bone, I make mention, in my paper, I think, of the desirability of preserving the integrity of the facial nerve except in those cases where you have very considerable destruction of the labyrinth. If you practically take away the entire petrous and temporal bone the facial nerve will suffer. In a good portion of the cases, you can drain your labyrinth thoroughly without sacrificing the integrity of the facial nerve.
